Six million children live in poverty in America's inner cities. These children are at high risk of exposure to pesticides that are used extensively in urban schools, homes, and day-care centers for control of roaches, rats, and other vermin. The organophosphate insecticide chlorpyrifos and certain pyrethroids are the registered pesticides most heavily applied in cities. Illegal street pesticides are also in use, including tres pasitos (a carbamate), tiza china, and methyl parathion. In New York State in 1997, the heaviest use of pesticides in all counties statewide was in the urban boroughs of Manhattan and Brooklyn. Children are highly vulnerable to pesticides. Because of their play close to the ground, their hand-to-mouth behavior, and their unique dietary patterns, children absorb more pesticides from their environment than adults. The long persistence of semivolatile pesticides such as chlorpyrifos on rugs, furniture, stuffed toys, and other absorbent surfaces within closed apartments further enhances urban children's exposures. Compounding these risks of heavy exposures are children's decreased ability to detoxify and excrete pesticides and the rapid growth, development, and differentiation of their vital organ systems. These developmental immaturities create early windows of great vulnerability. Recent experimental data suggest, for example, that chlorpyrifos may be a developmental neurotoxicant and that exposure in utero may cause biochemical and functional aberrations in fetal neurons as well as deficits in the number of neurons. Certain pyrethroids exert hormonal activity that may alter early neurologic and reproductive development. Assays currently used for assessment of the toxicity of pesticides are insensitive and cannot accurately predict effects to children exposed in utero or in early postnatal life. Protection of American children, and particularly of inner-city children, against the developmental hazards of pesticides requires a comprehensive strategy that monitors patterns of pesticide use on a continuing basis, assesses children's actual exposures to pesticides, uses state-of-the-art developmental toxicity testing, and establishes societal targets for reduction of pesticide use.
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The hazards of pesticides to children's health have been the subject of intense concern in the United States since publication in 1993 of the report "Pesticides in the Diets of Infants and Children" by a committee of the National Academy of Sciences (NAS) (1) . More than one billion pounds of pesticides are purchased each year in the United States (2) , and the NAS report called attention to the disproportionately heavy exposures of children to these pesticides as well as to their unique biologic vulnerabilities. The report expressed concern that previous approaches to assessment of the risks of pesticides and to their regulation in the United States had not adequately considered the susceptibilities of infants and children. The NAS report noted that early exposures to pesticides can cause disease in childhood as well as in later life, including cancer, reproductive anomalies, disorders of the immune system, and neurologic and behavioral dysfunction.
The risks of pesticide exposure appear to be particularly great for the six million American children who live in poverty in inner cities (3) . These children live in crowded, substandard housing, and they are at high risk of exposure to the chemical pesticides-legal as well as illegal-that are heavily applied in the urban environment (2, 4) . New information from New York State indicates that the greatest use of pesticides in all counties statewide is in the densely populated, highly urbanized boroughs of Manhattan and Brooklyn (5) . Detailed information is scant, however, on urban children's actual levels of exposure to pesticides and on the adverse health effects that may result from these exposures.
This report has three goals: a) To review data on children's exposures to pesticides with emphasis on exposures in the innercity and their relation to issues of environmental justice. b) To review data on the vulnerability of children to pesticides, with particular reference to the developmental toxicity of chlorpyrifos and of certain pyrethroids; and c) To consider the current state of neurodevelopmental toxicity testing for pesticides and to review the adequacy and sensitivity of current test procedures.
Pesticides Types ofPesticides
Synthetic pesticides are a diverse group of chemical compounds (Table 1 ) and include insecticides, fungicides, herbicides, and rodenticides. Most are derived from petroleum (6) . In homes and apartments, pesticides control termites, roaches, and rodents. In gardens and lawns, as well as along highways and under power line right-of-ways, chemical herbicides control the growth of unwanted plants. By controlling agricultural pests, pesticides have contributed to dramatic increases in crop yields and in the quantity and variety of the diet. By controlling insect vectors, they have helped to limit the spread of disease. Thus pesticides have helped indirectly to enhance children's health (1) .
But pesticides also have harmful effects (Table 1) (3) .
In the 1940s the chlorinated hydrocarbon pesticides, most notably DDT (dichlorodiphenyltrichloroethane), were introduced. DDT and similar chemicals were used extensively in agriculture and in the control of malaria and other insectborne diseases. Because they had little or no immediate toxicity, they were widely hailed and initially were believed to be safe (7, 8) .
In (1) .
In assessing the risks to health of children's exposures to pesticides, it is necessary to bear in mind that the effects of children's multiple exposures may be additive (1 Figure 1) .
Chlorpyrifos was the pesticide most heavily applied throughout New York State in 1997, including New York City (5) . The number of gallons of chlorpyrifos applied in Manhattan exceeded the total number of gallons of all pesticides applied in any other single county. In the urban setting, chlorpyrifos is applied around baseboards and injected into cracks and crevices to control termites and cockroaches. It may be broadcast in rooms to control fleas. Occasionally, it is applied with a fogger. The National Nonoccupational Pesticide Exposure Study found that chlorpyrifos is one of the pesticides most widely detected in American homes. In Jacksonville, Florida, chlorpyrifos residues were found in air samples in 83-97% of homes, and in Massachusetts, chlorpyrifos residues were found in 30-40% of homes (17) .
Specific data on residential pesticide use in East Harlem, New York City, are available for the 16,000 housing units in the 15 housing projects in East Harlem that are owned and operated by the New York City Pounds of pesticides by county Q 1,300,000-2,587,057 lbs.
* 500,000-1,300,000 lbs. * 120,000-500,000 lbs. * 2,165-120,000 Ibs. Counties (Table 2) . Chlordane has been used in 24 million U.S. homes, usually as a termiticide, and it has been detected in the home environment as long as 35 years after use (19) . Children of color residing in old, poorly maintained housing are especially likely to be exposed to persistent pesticides (20) .
Illegal pesticides are of great concern in the urban environment-the so-called street pesticides. For Pesticides are used in 90% of homes and apartments in the United States (16) .
Long persistence of pesticides in the urban indoor environment, especially semivolatile pesticides such as chlorpyrifos, is a recently recognized phenomenon (4). Plush toys, carpets, and soft furniture are especially likely to absorb chlorpyrifos, to retain it for long periods of time, and then to release vapors to the air. In two apartments studied in a recent investigation, chlorpyrifos remained on soft, absorbent surfaces for up to 2 weeks after an experimental application. Areas affected were not only those directly sprayed; fallout was widespread (4). In such circumstances, children may receive exposures to chlorpyrifos up to 20 times the U.S. EPA reference dose (23) . Other organophosphates and carbamates are often found in domestic settings: propoxur, diazinon, dichlorvos, malathion, bendiocarb, and pyrethrins (17, 24, 25) .
Levels of pesticides in blood and breast milk of urban residents are higher in recently sprayed homes or in homes where extensive applications have been made (18, 26) . Children's exposures to these residual deposits are higher than those of adults, because of their normal hand-tomouth behavior and because they crawl and sit on floors and carpets where surface residues are high (1). The skin of neonates and young children is more permeable than adult skin to lipophilic agents (27, 28) . Surface contamination by OCs, particularly heptachlor, can lead to dermal uptake that easily exceeds the acceptable daily intake for adults (0.5 pg/kg/day) and therefore is likely to be even greater for children. For home-use pesticides, inhalation exposures overshadow those from the diet and are higher in summer than in winter (17 (1) . Pound for pound of body weight, children drink more water and eat more food than adults. Thus they are more heavily exposed than adults to pesticides and other toxins that are present in food and water. For example, children in the first 6 months of life consume 7 times as much water per pound as does the average American adult (29) (Figure 2) , and thus they are more heavily exposed than adults to pesticides in drinking water. Two behavioral characteristics of infants and children further magnify their exposures: their normal hand-to-mouth activity, and their play close to the ground (30) .
Surveys undertaken by the U.S. EPA and compiled by the Environmental Working Group of foods commonly consumed by children have shown that a high proportion contain pesticide residues (Table 3) . Moreover, these studies indicate that these foods often contain residues of multiple pesticides (31) . A recent report from Consumers Union has confirmed and extended these findings (32) .
Pesticides have also been found in some of the baby foods most commonly sold in the United States (33) . The pesticides detected in baby food included eight compounds that are toxic to the nervous system, five that affect the endocrine system, and eight that are potential carcinogens.
The Unique Vulnerability of Infants and Children to Pesticides
In addition to being proportionately more heavily exposed to pesticides than adults, infants and children are biologically more vulnerable to them. The NAS report, "Pesticides in the Diets of Infants and Children" (1), identified three biological bases for that vulnerability.
First, children's metabolic pathways, especially in the first months after birth, are immature compared to those of adults. In some instances, children are actually better able than adults to cope with environmental toxicants. They are unable, for example, to metabolize toxicants to their active form (34) . More commonly, however, fetuses, infants, and children are less able to detoxify chemicals such as organophosphate pesticides and thus are more vulnerable to them (30, 35, 36) . (38) , and concern has arisen that early exposure to neurotoxic pesticides may increase risk in later life of chronic neurologic diseases such as dementia, Parkinson's disease, and amyotropic lateral sclerosis (39, 40) .
Recent findings on the developmental toxicity of two pesticides commonly used in the inner-city environment, chlorpyrifos and certain pyrethroids, exemplify the special susceptibilities of infants and children. These data underscore the potential risks to children's health and development of exposures to these agents in early life.
Developmentl Toxicity ofChlorpyrifos
Recent experimental data indicate that chlorpyrifos may exhibit developmental toxicity to the fetal nervous system at relatively low doses (41) (42) (43) (44) . A study by Whitney et al. (41) found that administration of chlorpyrifos to neonatal rats at 1 day of age (approximately equivalent to human fetal exposure at 7 months of gestation) produced significant inhibition of DNA and protein synthesis throughout the brain. The authors interpreted these results as indicating "that low doses of chlorpyrifos target the developing brain during the critical period in which cell division is occurring, effects which may produce eventual cellular, synaptic and behavioral aberrations after repeated or prolonged subtoxic exposures." Similarly, another recent study found that repeated exposure of pregnant rats to low doses of chlorpyrifos resulted in long-term neurochemical and behavioral deficits in the offspring (44) .
The mechanism of chlorpyrifos-induced neurotoxicity was studied by Song et al. (42) (46, 47) . Recently, our center has reported hormonal activity for certain pyrethroids (48, 49) , suggesting that they should be investigated further in terms of their capacity to affect neurologic and reproductive development.
Assessing the Toxicity of Pesticides to Children's Health and Development
Protection of children's health against the hazards posed by pesticides requires that all pesticides be thoroughly assessed for their potential to cause toxicity. Toxicity testing provides the scientific basis for risk assesssment and for pesticide regulation. Pesticide standards, termed tolerances, are only as protective of health as the testing upon which they are based (1) .
To assess the health hazards of pesticides, the U.S. EPA [under the Food Quality Protection Act (FQPA) of 1996, the current federal legislation governing pesticide use in the United States] requires pesticide manufacturers to conduct a series of tests on laboratory animals and in tissues in vitro. Health risks to humans are then inferred from these experimental results.
In their 1993 report, the NAS Committee on Pesticides in the Diets of Infants and Children was critical of the test protocols for pesticides then mandated by the U.S. EPA (1) . The committee was concerned that those protocols did not accurately or sensitively assess the neurodevelopmental and other developmental toxicities of pesticides. The Committee recommended more thorough developmental toxicity testing of all pesticides. Accordingly, the FQPA requires that the special vulnerabilities of infants and children be considered in setting all pesticide standards. Moreover, when data on the developmental toxicity of a pesticide are not available, the U.S. EPA is required as a default provision under FQPA to incorporate an extra 10-fold safety factor into the relevant standard for the protection of children's health.
The U.S. EPA Office of Prevention, Pesticides and Toxic Substances has issued guidelines for a set of tests to be performed on animals and cells to estimate the possible toxic effects that pesticides might have in humans-"The Health Effects Test Guidelines." This listing includes 59 different tests that had previously appeared under various government documents and now have been combined into a single list. Generally, the U.S. EPA requires manufacturers of food-use pesticides to perform the following initial set of basic screening tests on all pesticides (50): * Acute toxicity set: oral, dermal, inhalation, eye and skin irritation, dermal sensitization * Subchronic (90 days) feeding studies in rat, dog * Mutagenicity battery * Structural chromosomal aberrations * Metabolism study in rats * Two-year chronic/carcinogenicity study in rats * Developmental toxicity study in rabbits and rats * Reproductive, 2-generation study in rats * Developmental neurotoxicity study (as needed) * Acute delayed neurotoxicity-hen (required for organophosphates)
Limitatons ofthe U.S. EPA Screening Tests for Pesticides A recent critical review (16) has concluded that these new U.S. EPA guidelines still fail to adequately or sensitively detect the effects of pesticides on fetal and early childhood development. A very serious limitation in the current array of screening tests required by the U.S. EPA is that they do not routinely require full-scale neurodevelopmental toxicity testing, nor do they routinely require functional assessment of effects on the nervous system, even in the case of neurotoxic pesticides (16) . Moreover, it is not clear when and which tests of neurotoxicity are mandated for particular classes of pesticides. This wide flexibility in the implementation of developmental neurotoxicity testing allows for the perpetuation of data gaps and thus for continued use of potentially dangerous pesticides.
A second problem is that most tests required for assessment of toxicity of food-use pesticides are performed only in adult animals (16) . Previous studies have shown, however, that toxic effects on the developing brain cannot be predicted by testing pesticides on adult animals. In some instances the window of vulnerability to specific neurodevelopmental effects can be quite narrow (51, 52) . Similarly, the time at which effects are assessed after exposure can be quite crucial. These points are illustrated by the data presented above on the developmental toxicity of chlorpyrifos and pyrethroids (41) (42) (43) (44) (45) (46) (47) (48) (49) .
A third limitation on the U.S. EPA current test protocols is that they do not follow animals exposed in infancy over the duration of a lifetime. Thus they cannot address the hypothesis that some cases of degenerative diseases that typically develop in later life, such as Alzheimer or Parkinson disease, may result from the accumulation of toxic damage to the brain that begins in infancy and extends over a lifetime (38, 39 
Conclusion
The six million children who live in poverty in inner cities in the United States are a group within the American population that is at disproportionately high risk of exposure to numerous environmental toxins. These children's heavy exposures to lead, air pollution, and hazardous waste sites, as well as their disproportionately high prevalence of lead poisoning and incidence of asthma (18) , have all been noted previously (54) . Now to the list of these children's excessive exposures must be added pesticides.
Heavy applications of pesticides have been required in inner-city neighborhoods because of the age and poor maintenance of the urban housing stock. The resulting heavy exposure of inner-city children to pesticides is therefore a direct consequence of poverty, overcrowding, and poor housing and must therefore be viewed as yet another manifestation of the environmental injustice that these children suffer (55) .
Developmental toxicity is the major threat posed by the exposure of fetuses, infants, and children in the inner city to heavy levels of pesticides (1) . The 
